Background: Acute pesticide poisonings constitute an important toxicological problem in numerous countries. This report refers to patients treated for poisonings at the Toxicology Unit, Łódź, Poland, in the period 2004−2014. Material and Methods: Data to be analyzed were obtained from medical records of hospitalized people. A group of 24 301 patients aged ≥ 15 were selected. In the group of 149 people poisoned with pesticides (0.61% of all poisoning cases), there were 40 women and 109 men. Logistic regression analysis was used to evaluate the impact of age on suicide attempts using pesticides. Results: Suicide attempts significantly more frequently concerned younger people. In this type of behavior, coumarin derivatives were significantly more often used than organophosphorus compounds or pesticides classified as "others. " The patients with suicidal pesticide poisonings stayed in the ward significantly longer than those poisoned unintentionally. Conclusions: In the analyzed population inhabiting an area with a high degree of urbanization, in terms of the place of residence and employment, pesticide poisonings were more common in men than in women. Suicide attempts using pesticides more frequently concerned younger people. Information found in this study may prove useful for education purposes, and also in informing clinicians. Med Pr. 2019;70(6):655-67
INTRODUCTION
Acute pesticide poisonings constitute an important toxicological problem in numerous countries around the world. Adverse health effects can be observed among patients exposed to pesticides, such as eye or skin irritation, acute poisonings, and chronic diseases [1] . Pesticide poisonings occur not only in the case of agricultural workers, but also in production, storage and distribution workers, as well as in individuals using pesticides for health and hygiene in their households.
Currently, on a global scale, more than 20 000 different types of pesticides are produced, containing approx. 900 active substances [2] . Most pesticides, about 80% of the global production, are used in developed countries. However, the most numerous cases of poison-ing and death from exposure to pesticides are listed in the regions where the remaining small part of the total production is used, i.e., in the least developed countries [3] . Every year, almost 1 million people globally are exposed to accidental pesticide poisonings, about 20 000 of which are fatal cases [4] .
It is noteworthy that in the European Union countries, including Poland, a decrease in the risks arising from the use of pesticides can be seen. This is a consequence of introducing restrictive legal regulations in this area, within the European Community, over the past 12 years [5] . The effects of the implemented legislative changes include limiting the number of active substances, introducing mandatory registration of plant protection products and biocidal products, as well as performing mandatory assessments of the influence of pesticides on the environment.
According to professionals in the field of toxicology, the knowledge of the factors determining the occurrence and course of an acute pesticide poisoning is crucial. The ability to identify them is also an important step towards the prevention of acute xenobiotic poisonings. Therefore, the aim of the presented project was to evaluate the incidence of pesticide poisonings among residents of one of the provinces in central Poland over the period of 11 years. Attempts were also made to assess the correlation between the selected sociodemographic and clinical parameters influencing the course of poisoning and the treatment process.
MATERIAL AND METHODS
The research material covered medical records of the patients treated in the period from January 1, 2004 to December 31, 2014 at the Toxicology Unit (TU) of the Nofer Institute of Occupational Medicine (NIOM) in Łódź. Patients sent to the TU were aged ≥ 15, with suspected or recognized cases of acute poisoning. The prospective patients of the ward are inhabitants of an area of a high degree of urbanization, namely Łódź, the third largest city in Poland, and of the Łódź Province.
The sociodemographic data collected for the purposes of the research included the following variables: gender, age, place of residence, and marital status. The course of poisoning was characterized by clinical variables, namely the route of poisoning, an instance of poisoning with another toxic agent, a mental illnesses and addictions diagnosed prior to the admission to the ward, the patient's medical status at the time of the admission to the ward (mild, moderate, severe), hospitalization length, and the final treatment outcome. The type of poisoning was also described and identified as either suicidal (intentional self-harm) or accidental. Pesticide groups (the main toxic factor) were established on the basis of their chemical structure: ■ organophosphorus compounds, ■ carbamates, ■ pyrethroids, ■ coumarin derivatives, ■ other (including polychlorinated insecticides, dipyridyl derivatives).
Ethical approval
The procedure of the study was approved by the Bioethics Committee at the NIOM in Łódź, Poland (Protocol No. 21/2015).
Statistical analysis
The results were subjected to statistical analysis, including some multidimensional tests. Normal distribution was assessed with the Shapiro-Wilk test. As the distribution of the characteristics tested in the population was not within the norm, and both the qualitative and quantitative data were analyzed, nonparametric tests including the Kruskal-Wallis ANOVA, Pearson's χ 2 test, the Maximum-Likelihood χ 2 test (χ 2 ML), and the Mann-Whitney U test were used. The authors also performed logistic regression creating a logit model, as shown in the formula:
General descriptive measures (M, Me, SD) were also used. The statistical significance was set at p < 0.05.
RESULTS
In the research period, a total of 24 301 patients were hospitalized at the TU NIOM. In the group of 149 people poisoned with pesticides, accounting for 0.61% of all poisoning cases, there were 40 women and 109 men (0.16% and 0.45%, respectively). The average age of the patients treated as a result of pesticide poisoning was 46.6. In the case of women, the data relating to age were slightly higher, the average age being 54.5, the min. age: 18, and the max age: 88; while for men: the average was 43.7, the min. age: 15, and the max age: 79.
Hospitalization length
The detailed descriptive data regarding hospitalization length, accounting for the grouping factors and the results of the identified statistically significant dependencies, are shown in Table 1 . It was shown that the length was significantly shorter for the patients living in Łódź, as opposed to the patients living in the Łódź Province (3.5 days vs. 7.5, p = 0.000970).
The patients admitted to the TU in generally good condition spent significantly less time in the ward than those admitted in fair or serious condition (3.5 vs. 7.1, p = 0.000025; 3.5 vs. 18.4, p = 0; p = 0.000009). Similarly, hospitalization length was significantly shorter in the patients admitted to the ward in fair condition, compared to the ones in serious condition (7.1 vs. 18.4, p = 0.029824).
The patients additionally poisoned with ethanol spent significantly more time in the ward than the patients Similarly, the patients poisoned by the oral route were hospitalized longer than those poisoned by inhalation (7.3 vs. 1.8, p < 0.000001). The patients with suicidal pesticide poisoning stayed in the ward significantly longer than the patients poisoned unintentionally (8.4 vs. 3.8, p < 0.000001).
The analysis of the correlation between hospitalization length and the kind of the pesticide showed that hospitalization length was significantly longer than average (6.2) in the patients poisoned with organophosphorus compounds (8.5, p = 0.007315).
There was no correlation between hospitalization length and the day of the month on which the poisoning occurred, the marital status, a confirmed diagnosis of alcohol addiction or a mental illness, or the kind of the toxic substance, in the case of the ingestion of coumarin derivatives or carbamates (p > 0.05).
Patients' medical state on admission
A thorough descriptive and statistical analysis of the factors affecting the condition of the patients in the admission room is presented in Table 2 .
Married people were significantly more often in fair, rather than good, condition, compared to single patients (30:34 vs. 6:32, p = 0.031).
The poisoning route had a significant impact on the patients' status on admission. The patients poisoned by inhalation were admitted in good condition significantly more often than in fair condition, compared to the patients poisoned by means of oral ingestion (26:5 vs. 62:40, p = 0.0306). Due to the numbers, the patients in serious condition were not researched.
A significant correlation was shown between the patient's condition at the time of admission and the type of the substance taken, as an additional factor. It was found that the patients additionally poisoned with alcohol came to the admission room in fair condition much more often than in good condition, compared with the patients without additional poisoning (23:20 vs. 16:65, p = 0.0002).
The suicidal intention of pesticide poisoning significantly influenced the patients' status on admission. It was shown that the patients making a suicide attempt were significantly more often in both fair (30:34 vs. 15:54, p = 0.0022) and serious condition (12:34 vs. 4:54, p = 0.0155), compared to those without the intentional selfharm attempt.
The patients' status on admission did not depend on gender, the place of residence, the type of the pesticide Table 1 . Descriptive and statistical analysis of sociodemographic and clinical studies in relation to the days of hospitalization -cont. used, or a confirmed alcohol addiction or a mental illness (p > 0.05).
Neither the effect of alcohol poisoning on the incidence of a serious medical condition, nor the impact of additional prescription drug poisoning on the patients' status on admission were shown (p > 0.05).
Suicide attempts and unintentional poisonings
The paper examined the effects of various factors on suicide attempts using pesticides. A thorough descriptive and statistical analysis of the factors affecting the variable researched is presented in Table 3 .
The impact of age on suicide attempts using pesticides was evaluated by means of the logistic regression analysis which showed that this type of behavior significantly more frequently concerned younger people (43.8 years old), whereas the average age of people poisoned unintentionally was 49.5 years (p = 0.03297).
The married patients clearly more often than the single patients made a suicide attempt (61.6% vs. 48.8%); however, the isolated χ 2 test did not show significance (p > 0.05). Nevertheless, in the 3-factor logistic regression model, the significance of this impact was on the borderline (p = 0.049).
Incidental poisonings occurred significantly more frequently among the inhabitants of the city of Łódź than among the residents of the Łódź Province (68.8% vs. 38.3%, p = 0.0005).
In suicide attempts, coumarin derivatives were significantly more often used than organophosphorus compounds or pesticides classified as "others" (76.2% vs. 54.3% and 36.2%, p = 0.0373 and p = 0.0001). These patients almost always used the oral ingestion (75 vs. 1).
In suicide attempts, alcohol was additionally used significantly more often (72.3% vs. 36.0%, p = 0.0001).
The patients' sex, marital status, confirmed diagnosis of an addiction or mental illness did not influence significantly a suicide attempt with the use of pesticides (p > 0.05).
The analysis of the parameters of the logistic regression model (Table 3) showed that the variable "sex" did not have a significant impact on attempting suicide (p > 0.05).
In turn, the variables "age" and "marital status" had a statistically significant effect (p = 0.010107, p = 0.031508) on the researched phenomenon. The odds ratio for age revealed that suicide was slightly more often attempted by people of a slightly younger age (1.03). In turn, it was about 1.3 times more likely that the patients using pesticides for their suicide attempt were married.
The final hospitalization outcome
The analysis of the correlation between the treatment outcome and the patients' status at the time of their admission to hospital showed that, despite numerous differences (Table 4) , there was a greater number of patients admitted in good overall condition, leaving the hospital at their own request, compared to the patients discharged from the hospital with a recommendation that their treatment be continued by a general practitioner (27.3% vs. 12.5%, p = 0.454), and this finding appeared to be statistically significant. Also, considerably more patients hospitalized in fair condition (22.2%) were referred to the local outpatient clinic for continued treatment, compared to the number of patients discharged at their own request (11.1%).
The type of the pesticide used had a statistically significant effect on the termination of hospitalization ( Table 4 ). The patients poisoned with "other" pesticides significantly more often left the hospital at their own request than those who were poisoned with coumarin derivatives (31.0% vs. 15.5%, p = 0.0025). The remaining compounds were not relevant or their numbers prevented a reliable statistical analysis. Hospitalization outcomes did not depend on the patients' sex, place of residence, marital status, or the existence of an addiction or a mental illness (p > 0.05). Similarly, despite the apparent relative differences in the way the patients were discharged from the hospital, depending on the poisoning route and the existence of an additional factor, as well as intended self-harm (suicidal poisoning), this impact was not significant (p > 0.05).
A separate analysis was devoted to the impact of the variables on the patient being referred to the psychiatrist, either in an outpatient clinic or an inpatient ward ( Table 5 ). It was shown that the place of residence and the type of the toxic substance had a significant impact; the patients living in the Łódź Province were significantly more often directed to the psychiatrist than the inhabitants of the city of Łódź (48.1% vs. 25.7%, p = 0.0205). The patients poisoned with organophosphorus compounds were significantly less often referred to the psychiatrist than the ones poisoned with coumarin derivatives (31.3% vs. 61.1%, p = 0.0128). Other compounds were not statistically significant (p > 0.05).
DISCUSSION
Pesticides are varied in terms of the structure and usage of chemical substances, their main purpose being to provide protection against pests [6] . The use of pesticides causes environmental pollution and accidental exposure of certain groups of people to their harmful effects [7] . In developing countries, environmental pollution caused by pesticides is high due to their wide use, while the lack of control and the adequate protection measures increases the incidence of negative health effects among people [8] .
In a general population, the scale of the pesticide risk exposure is relatively small. However, certain groups of people are particularly exposed to the harmful effects of pesticides (e.g., farmers and their families, people living near areas where pesticides are regularly used) [9] .
It is very difficult to estimate the number of acute pesticide poisoning cases in Poland. This is mainly due to an imperfect way of reporting and collecting information on acute poisoning cases across the country. Moreover, reliable sources providing the necessary data in this field are missing.
In the analyzed population inhabiting an area with a high degree of urbanization, in terms of the place of Pearson's χ 2 = 6.425128, df = 2, p = 0.04025 χ 2 ML = 6.729365, df = 2, p = 0.03457 2×2 table city of Łódź/Province vs. yes/no: χ 2 p = 0.0266, Fisher 1-way p = 0.0205 Pearson's χ 2 = 10.91460, df = 4, p = 0.02754 χ 2 ML = 10.98268, df = 4, p = 0.02676 2×2 table organophosphate/coumarin vs. yes/no: χ 2 p = 0.0145, Fisher 1-way p = 0.0128 2×2 table coumarin/other pesticide vs. yes/no: χ 2 p = 0.0068, Fisher 1-way p = 0.0061 χ 2 ML -the Maximum-Likelihood χ 2 . residence and employment, pesticide poisonings were more common in men than in women.
In the research conducted by Przybylska [10, 11] , among people dealing with plant protection products in Poland, in the years 2000 and 2002, it was observed that the incidence of poisonings with these products was twice lower in women than in men (respectively, 0.19 and 0.37 per 100 000 inhabitants). In the research, a high incidence of poisonings in men aged 50−69, living in rural areas, was highlighted (0.89). The most common cause of poisoning described by the author [10, 11] is the careless handling of products (easy access, an inappropriate poison label or inappropriate protective clothing at work).
The results collected in the publication on poisonings with biocides, i.e., products intended for the control of harmful organisms outside plant production, confirmed that this issue concerned men more frequently than women. The exposure took place in domestic conditions, and the most common cause of exposure to biocides was contact with various forms of rodenticides [12] .
A higher incidence of pesticide poisonings among men has also been noted in countries such as Brazil, Taiwan and Sri Lanka [13−15] . According to the authors of the paper on pesticide poisonings in Brazil [13] , accidental poisonings with this factor occurred mainly in small farms. This could be due to a low awareness of people using pesticides in relation to the potential health risks.
Cultural factors are pointed out by the authors researching pesticide poisonings in South Africa, where women were poisoned more often than men [16, 17] . Incidents in which women were more numerous occurred during field work or as a result of the ingestion of food contaminated by pesticides.
In the publication concerning patients hospitalized at the University Hospital in Fez (Morocco), it was also observed that more women were poisoned with pesticides intentionally. According to the authors, this situation could have been influenced by psychological and social factors [16] .
Hospitalization length
The average duration of stay at the TU NIOM in Łódź, as a result of a pesticide poisoning, amounted to 6.2 days. The results of similar studies indicate a similar average hospitalization length: approx. 1 week [10, 11] . The patients poisoned with organophosphorus compounds stayed at the TU NIOM significantly longer: 8.5 days. Pesticides from this group as well as dipyridyl deriva-tives, responsible for the longest hospitalization length, are indicated by the authors of the study regarding the problem of pesticide poisonings in Poland in the 1990s [18] .
The patients additionally poisoned with ethanol required longer hospitalization, which is confirmed in the available literature [19, 20] . The duration of hospitalization in the case of people poisoned with pesticides, and at the same time poisoned with alcohol and often also addicted, is longer because of the influence of 2 toxic substances. In addition, pesticides dissolve in alcohol very well, hence the absorption from the gastrointestinal tract is facilitated [21] .
An important factor in terms of hospitalization length was the route by which the toxic substance was taken, as the patients poisoned by oral ingestion were hospitalized longer than those poisoned by inhalation. Descriptions of per os pesticide poisoning cases were also dominant in the available literature [10, 11, 14, 20] . In a study performed in Poland in 2000, they represented 74.8% of the total number of poisoning cases, while in 2002 − 66% [10, 11] .
The results presented in the paper indicate that the patients living in Łódź were hospitalized over 2 times shorter than the inhabitants of the Łódź Province. It should be presumed that the shorter duration of hospitalization in the case of the inhabitants of Łódź was due to the place of residence, resulting in a shorter time needed to reach the TU, and thus the possibility to introduce proper treatment faster.
In the patients attempting suicide, hospitalization length was twice longer. At the same time, it was found that hospitalization length did not depend on the month in which the event occurred, or on the marital status, a confirmed alcohol addiction or a mental illness diagnosis. In the literature on the subject matter, the highest number of pesticide poisoning cases was recorded in spring and summer months, with the peak occurring in May [10, 11] . A greater incidence of poisoning cases in this period is largely due to agricultural work, and these cases can be classified as occupational poisonings (agricultural production, sanitary actions), but incidental poisonings may also occur (deratization, pest control in households, accidental ingestion).
Suicide attempts vs. unintentional poisonings
In the presented research, more than half of the cases of pesticide poisonings were classified as suicide attempts. In a study analyzing acute pesticide poisonings, conducted in 1994−1995 in Poland, 66% of pesticide poison-ing cases included suicide attempts, and 31.5% unintentional poisonings. The percentage of suicidal poisonings with the use of pesticides was found to be lower in 2000, with 28% of poisoning cases, and in 2002 − 35.9% of all poisonings in Poland [10, 11] .
A pilot study conducted in Cameroon [22] showed that among the group poisoned with pesticides, 78% constituted accidental poisonings, 12% were suicidal poisonings, and 4% criminal poisonings.
Intentional pesticide poisonings are also a significant problem in numerous countries in the world [14, 15] . In Taiwan, over 60% of pesticide poisonings with organophosphorus compounds were suicidal [14] . Pesticides from the same group were the cause of more than 40% of suicide deaths among people over the age of 25, living in the agricultural regions of Sri Lanka [15] .
In the study, it was found that significantly more suicide attempts were made by younger people (average age: 43.8) compared with unintentional poisonings (average age: 49). This finding corresponds with the results of a survey carried out in Poland at the turn of the 1980s and 1990s, in which it was observed that among the people intentionally poisoned with pesticides (suicide attempts) the age group of 25−44 dominated. Among the people poisoned accidentally, the most represented age was 35−54 [23] .
The results presented in the paper indicate that the pesticides most often used in suicide attempts were coumarin derivatives, organophosphorus compounds, and other pesticides. In a study conducted in 2000, analyzing poisonings with plant protection products only [10] , insecticides from the pyrethroids group caused 37.4% of poisoning cases, organophosphorus pesticides − 13.1%, carbamates − 9.3%, and others -14.0%. However, in less developed countries, poisonings most frequently occurred as a result of exposure to organophosphorus pesticides [17,24−29] .
CONCLUSIONS
In the analyzed population inhabiting an area with a high degree of urbanization, in terms of the place of residence and employment, pesticide poisonings were more common in men than in women. Suicide attempts using pesticides more frequently concerned younger people. Coumarin derivatives were the most frequent type of the toxic agent responsible for all pesticide suicidal poisoning cases in Łódź, Poland. Information found in this study may prove useful for education purposes, and also in informing clinicians.
